Background Internet searches are an increasingly used tool in medical research. To date, no studies have examined Google search data in relation to common gastrointestinal symptoms. Aims The aim of this study was to compare trends in Internet search volume with clinical datasets for common gastrointestinal symptoms. Methods Using Google Trends, we recorded relative changes in volume of searches related to dysphagia, vomiting, and diarrhea in the USA between January 2008 and January 2011. We queried the National Inpatient Sample (NIS) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) during this time period and identified cases related to these symptoms. We assessed the correlation between Google Trends and these two clinical datasets, as well as examined seasonal variation trends. Results Changes to Google search volume for all three symptoms correlated significantly with changes to NIS output (dysphagia: r = 0.5, P = 0.002; diarrhea: r = 0.79, P \ 0.001; vomiting: r = 0.76, P \ 0.001). Both Google and NIS data showed that the prevalence of all three symptoms rose during the time period studied. On the other hand, the NHAMCS data trends during this time period did not correlate well with either the NIS or the Google data for any of the three symptoms studied. Both the NIS and Google data showed modest seasonal variation. Conclusions Changes to the population burden of chronic GI symptoms may be tracked by monitoring changes to Google search engine query volume over time. These data demonstrate that the prevalence of common GI symptoms is rising over time.
Introduction
Internet searches are a commonly used tool in medical research, and search data have been recognized as a promising source of medical information by the Institute of Medicine [1] . One particularly fruitful source of information has been Google Trends, a free publically accessible portal for analyzing trends in the Google search engine. The power of this tool is attributable to the massive search volume that Google receives, totaling approximately 11 billion searches per month in the USA alone [2] .
Previous studies have utilized this vast resource to study the epidemiology of various disease states, most notably communicable diseases such as influenza [3] . Google Trends has also been used to study epidemiologic trends in noncommunicable diseases, including kidney stones [4] , cardiovascular disease [5] , and psychiatric disease [6] . To date, no studies have examined Google search data in relation to common gastrointestinal (GI) symptoms. The value of Internet search data as an epidemiologic tool lies in its ease of use and its potential ability to provide realtime understanding of epidemiologic trends. Our aims were to compare changes to search volume for common GI symptoms to national clinical datasets. We hypothesized that relative changes in Google search terms would correlate with changes in incidence for these same symptoms with regard to both seasonal variation and yearover-year differences.
Methods

Study Design
We compared relative changes to Google search term volume to two clinical datasets, one inpatient and one outpatient, for the time period of 2008-2010. National Hospital Ambulatory Medical Care Survey (NHAMCS) assesses services offered at hospital outpatient departments and provides de-identified outpatient visit data. NHAMCS uses probability sampling procedures allowing the generation of nationally representative estimates. The NHAMCS was queried for appropriate encounters using both ''reason for visit'' data and ICD-9-CM data to identify visits relating to dysphagia, diarrhea, and vomiting between January 2008 and January 2011. For this time frame, the sample size of the NHAMCS dataset was approximately 300,000 visits.
Statistical Analysis
Data were analyzed using STATA v14 (College Station, TX, USA). Pearson correlation coefficients were used to assess correlations between Google Trends data, NIS output, and NHAMCS output. Wilcoxon signed-rank test was used to compare trends of symptoms in NIS and Google Trends data between years 2008 and 2010, all tests were two-sided, and a P value of less than 0.05 was considered statistically significant.
Ethical Considerations
Institutional review board approval was not required for this secondary analysis of de-identified national datasets.
Results
Correlation Analysis
Changes to Google search volume for all three symptoms correlated significantly with NIS output (dysphagia: r = 0.5, P = 0.002; diarrhea: r = 0.79, P \ 0.001; vomiting: r = 0.76, P \ 0.001; see Fig. 1 ). On the other hand, when analyzed using ''reason for visit,'' neither NIS output nor Google Trends output correlated with NHAMCS for any of the three symptoms (data not shown). Similarly, when using ICD-9 data, the NHAMCS data did not correlate with any symptom for NIS output, and correlation with Google Trends data was borderline significant for vomiting (r = 0.36, P = 0.03) and nonsignificant for dysphagia and vomiting.
Dig
Temporal Trend
During the period studied, the frequency of all three symptoms rose in both the Google Trends data and the NIS data. For dysphagia, the median of the proportion of patients with this symptom in the NIS dataset increased from 1. Extrapolating the Google Trends data for the period beyond 2010 showed that the relative search volume for diarrhea and vomiting continued to rise through January 2016 (see Fig. 2 ). During that time period, search volume for vomiting increased by approximately one-third, vomiting increased by approximately half, while dysphagia increased by approximately one-fifth.
Seasonal Variation
We calculated a coefficient of variation to estimate the amount of seasonal variation for both the NIS and Google Trends data by comparing changes month to month. For the NIS data, the coefficient of variation ranged from 2.3% for diarrhea to 3.9% for vomiting (dysphagia was 3.2%). The Google Trends data showed a similar amount of seasonal variation, ranging from 5.0% for dysphagia and diarrhea to 5.6% for vomiting. Performance of a Pearson correlation assessment, however, failed to show significant correlation between the seasonal variation across any of the three symptoms.
Discussion
In our analysis, changes to the relative frequency of searches for three common gastrointestinal symptoms-diarrhea, dysphagia, and vomiting-correlated closely with the changing frequency of cases observed in a large inpatient dataset in the USA between 2008 and 2010, whereas neither of these data sources correlated with the output for an outpatient dataset. Although it is surprising that the inpatient data correlated better with the search engine data, the likely explanation is that the sample size was significantly larger for the inpatient compared to the outpatient dataset (approximately 18 million vs. 300,000). Both the inpatient and search engine datasets showed that the frequency of all three symptoms rose during the period studied. Although trends over time correlated well between these two data sources, they did not correlate with a seasonal variation assessment, although this may be due to the overall low absolute amount of seasonal variation across both datasets during the time period studied.
Our data support the power of search engine data in the study of the epidemiology of gastrointestinal symptoms, as it has for other disease states. The biggest advantage of this type of analysis is its ease of use, since it is updated in real time, is freely accessible, and is available from any Internet-connected computer or smartphone. One can potentially use Google search data to elucidate trends in the burden of these symptoms in the very recent past that would not be easily available by other data sources. For example, by analyzing Google Trends output for these symptoms beyond 2010, it appears that the burden of all three symptoms has continued to rise. It is unclear why this is the case, but this finding is consistent with previous studies, including a 2012 study that noted a large increase in the utilization of both upper endoscopy and colonoscopy between 2000 and 2009 in the USA, likely due to an increase in GI symptom burden [7] .
Besides being an efficient tool to understand real-time changes in the epidemiology of symptoms, another advantage of studying search engine data is capturing disease burden outside of the standard medical context. Understanding how this type of data differs from clinical data may enrich our understanding of disease burden that escapes medical attention and provide more information regarding disease as it exists in the ''real world.'' For example, the ratio of the relative volume of searches for the Google Trends for the three symptoms of interest (based on US data from January 2004 to 2016) is 11.8 vomiting to 9.4 diarrhea to 1 dysphagia. This comparison may provide a better estimate of the relative incidence of these symptoms in the community than the inpatient data (which gives a relative incidence of 1.13 diarrhea to 1.04 dysphagia to 1 of vomiting). In addition, Google Trends may yield information for symptoms that are relatively rare in clinical contexts. For example, abdominal bloating is rarely captured in inpatient data, but ''bloating'' is searched for approximately twice as frequently as dysphagia in Google.
There are several limitations to our study. First, since the Google data capture all searches for these terms, it includes searches both related and unrelated to personal health, and this ''signal-to-noise'' ratio may differ by across different contexts, potentially biasing comparisons. Furthermore, the specifics of demographic bias of the population captured by search engine data are unclear. In addition, many details on the Google Trends data are unknown, including how the data are derived and adjusted, and how the search topics are compiled. It is unclear how tweaks to their search algorithms and data collection changed during the time period study. Indeed, Google supplies a note that geographic assignment was improved on data from January 2011 forward. The outpatient dataset was limited by its relatively small number compared to the other datasets. Finally, although the correlation was significant between Google Trends data and the inpatient data, the correlation coefficient was relatively low for dysphagia compared to the other two symptoms, possibly due to the relatively low number of searches for this term.
In summary, Google Trends is a powerful epidemiologic tool that can aid our understanding of the current burden GI symptoms in the USA. These data show that the burden of GI symptoms has risen dramatically over the last several years and perhaps provide a more complete understanding of the symptom burden on a population level than can be gleaned from more traditional data sources. Its added value in epidemiologic research may be highest as a hypothesis generating tool to aid in understanding elements of disease that are difficult to study with standard research tools.
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